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Polychaetes are diverse, abundant and conspicuous in both marine and estuarine environments.  The ubiquity of polychaetes makes them excellent 
bioindicators and a few species are economically significant as bait worms.  Polychaetes range in distribution from tidal mudflats to entirely planktonic species; 
some species have even colonised the extreme environment of deep-sea hydrothermal vents.  Given that polychaetes are everywhere in the marine environment, 
it is surprising that the phylogeny of the group and its relationship to other invertebrate taxa, such as Myzostomida, Echiura and Pogonophora, is so poorly 
resolved.  Polychaetes are an ancient group; there are trace fossils from the Ediacaran Period which have been attributed to polychaetes.  Despite these findings, 
the fossil record for polychaetes is almost entirely lacking.  Morphological studies have been confounded by problematic homology assessment, especially for 
many complex cephalic features.  Recently, however, major advances in our understanding of polychaete relationships have been made principally using 
sequence data.  Here, we present our preferred topology for the interrelationships of the Polychaeta (including Clitellata) and other minor phyla, elucidated using 
18S rDNA data.  Our dataset represents a compilation of data available on GenBank and includes sequences for 20 additional polychaete taxa.  We have inferred 
relationships using Maximum Parsimony and Maximum Likelihood search algorithms (as implemented in PAUP*).  We believe that this study represents the 
most comprehensive analysis of polychaete relationships using 18S rDNA sequence data to date, and provides significant insight into a complex and 
confounding evolutionary history.
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Phylogeny of the Polychaeta:
what can 18S rDNA sequence data resolve?
• The classification of Rouse & Fauchald (1997) is not well supported 
by 18S rDNA sequence data.  The Polychaeta is at least paraphyletic 
and is not a natural taxon.
• Some Rouse & Fauchald terminal clades are able to be supported: 
Terebellidae (Terebellida), Eunicidae (Eunicida) and Lumbrineridae 
(Eunicida) are monophyletic.
• Monophyly of the Clitellata was recovered in our analysis; this 
finding supports numerous previous molecular studies.  The 
“polychaete” sister taxon of the clitellates, however, remains uncertain.
• Increased taxon sampling, especially to fill conspicuous gaps is 
needed. 
• Polychaetes are very ancient; the 18S rDNA gene does not appear to 
be able to resolve these deep relationships.
Figure 1. Phylogram of the 
interrelationships of the 
Polychaeta inferred by 
likelihood analysis of 18S 
rDNA sequence data.  
Likelihood parameters for 
heuristic tree searching were 
established by ModelTest: 
n(substitution types) = 6; base 
frequencies = empirical; 
invariable sites = empirical; 
variable sites = gamma; gamma 
= 0.5.   These parameters 
approximated a General Time 
Reversible model.  
Maximum Parsimony trees were 
also inferred using the 
parameters: random addition 
sequence n = 100; gaps = 
missing1; ACCTRAN 
optimisation.  Bootstrap 
resampling was performed in the 
parsimony analysis (n = 1000; 
random addition sequence n = 
20).  Nodes supported by 
bootstrap analysis are indicated 
above the nodes on the 
likelihood phylogram as follows:
*** 95-100%
** 75-94%
* 50-74%
1. Indels and ambiguous regions were 
excluded.
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Alvinellids are obscure polychates which live 
exclusively in deep-sea hydrothermal vents.  
They are specialised for these harsh conditions 
and show reduction of the cephalic segments; this 
is difficult for morphologists to interpret the 
group and determine the systematic affinities of 
the group.  
Box 1: Alvinellidae
We hope that molecular 
data can help to resolve 
these questions.  So far, 
18S rDNA sequence 
data provides limited 
support for the 
hypothesis of Glasby et 
al. (submitted) that 
alvinellids is the sister 
to the Terebellidae.
Figure 1.1.  Anterior of 
an alvinellid polychaete. 
Drawing by P. Hutchings.
Box 2: Galeolaria caespitosa
Figure 2.1.  Galeolaria caespitosa
(Canalipalpata, Serpulidae) from 
Bondi Beach, Australia.
(Accession # AMW 24394) 
(Photograph by K. Atwood (AM))
Galeolaria caespitosa belongs within the polychaete family 
Serpulidae, which is believed to be very ancient; trace fossils 
of serpulids have been found in Ordovician deposits.  This 
species lives in tubes that it builds in sandy marine shores 
and is a common component of Australian marine faunas.  
G. caespitosa is a useful bioindicator for the health of coastal 
marine systems. Primary Industries and Resources, South 
Australia and CSIRO, is currently using G. caespitosa to 
assess levels of chemical pollution in waters surrounding 
aquaculture sea-pens (M. Deveney, pers. comm.).
EC50 tests are used to assess 
polychaete susceptibility to 
environmental contaminants, such as 
antibiotics (oxytetracycline) and 
other pharmaceutical agents.
Materials and Methods
Table I.  Classification and GenBank accession numbers of taxa used 
in analysis.  The clade titles and classification for the Polychaeta are 
based on Rouse & Fauchald (1997).
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We obtained sequence data (18S rDNA gene) from a wide range 
of polychaete taxa.  Our data was aligned with existing sequence 
data.  The classification of Rouse & Fauchald (1997) was tested 
using Maximum Parsimony and likelihood algorithms.
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